a b s t r a c t
Tissue engineering 26 2 7 a b s t r a c t 28 The rotator cuff consists of several tendons and muscles that provide stability and force transmission in 29 the shoulder joint. Whereas most rotator cuff tears are amenable to suture repair, the overall success rate 30 of repair is low, and massive tears are prone to re-tear. Extracellular matrix (ECM) patches are used to aug-31 ment suture repair, but they have limitations. Tissue-engineered approaches provide a promising solution 32 for massive rotator cuff tears. Previous studies have shown that, compared to nonaligned scaffolds, aligned 33 electrospun polymer scaffolds exhibit greater anisotropy and exert a greater tenogenic effect. 34 Nevertheless, achieving rapid cell infiltration through the full thickness of the scaffold is challenging, 35 and scaling to a translationally relevant size may be difficult. Our goal was to evaluate whether a novel 36 method of alignment, combining a multilayered electrospinning technique with a hybrid of several elec- 37 trospinning alignment techniques, would permit cell infiltration and collagen deposition through the 38 thickness of poly(e-caprolactone) scaffolds following seeding with human adipose-derived stem cells. 39 Furthermore, we evaluated whether multilayered aligned scaffolds enhanced collagen alignment, 40 tendon-related gene expression, and mechanical properties compared to multilayered nonaligned scaf- 41 folds. Both aligned and nonaligned multilayered scaffolds demonstrated cell infiltration and ECM deposi- 42 tion through the full thickness of the scaffold after only 28 days of culture. Aligned scaffolds displayed 43 significantly increased expression of tenomodulin compared to nonaligned scaffolds and exhibited aligned 44 collagen fibrils throughout the full thickness, the presence of which may account for the increased yield 45 stress and Young's modulus of cell-seeded aligned scaffolds along the axis of fiber alignment. 46 
47
Statement of Significance 48 49 Rotator cuff tears are an important clinical problem in the shoulder, with over 300,000 surgical repairs per- 50 formed annually. Re-tear rates may be high, and current methods used to augment surgical repair have 51 limited evidence to support their clinical use due to inadequate initial mechanical properties and slow cel-52 lular infiltration. Tissue engineering approaches such as electrospinning have shown similar challenges in 53 previous studies. In this study, a novel technique to align electrospun fibers while using a multilayered 54 approach demonstrated increased mechanical properties and development of aligned collagen through 55 the full thickness of the scaffolds compared to nonaligned multilayered scaffolds, and both types of scaf- 56 folds demonstrated rapid cell infiltration through the full thickness of the scaffold. 57 
Introduction

62
The prevalence of rotator cuff tears increases with age to >50% 63 in individuals over the age of 60 [1, 2] (pH 3.0) [44] . The hydroxyproline assay was used to determine 215 the total collagen content using a conversion factor of 1:7.46 to 216 convert hydroxyproline to collagen [45] . All results were normal-217 ized to dry weight (mean ± SD). there was no effect of fiber alignment (Fig. 2) . On both types of 302 scaffolds, gene expression was consistent with tenogenesis 303 (Fig. 3) . Between scaffold types, COL3A1 and TNMD expression 304 was increased on aligned relative to nonaligned scaffolds (Fig. 3) .
305
Both aligned and nonaligned scaffolds demonstrated cell infiltra-306 tion through the full thickness of the scaffold and type I and III col-307 lagen synthesis through the full thickness of the scaffold (Fig. 4) . 308 However, total collagen through the full thickness of the scaffolds, 309 as assessed by Picrosirius Red, was more abundant in aligned scaf- (Fig. 4) eter of nonaligned scaffolds was not described [52] . Others have 378 shown that whereas bovine MSCs produce more ECM on aligned 379 nanofibrous scaffolds than in pellet culture compared to 380 donor-matched meniscal fibrochondrocytes, the opposite effect is 381 observed in human MSCs [53, 54] . 382 The overall gene expression patterns observed in this study are 383 consistent with tenogenesis and with our previous results in hASCs 384 [23, 43] . In particular, the increase in DCN and initial decrease in 385 BGN expression are consistent with tendon regeneration rather 386 than repair [55, 56] . TNMD is necessary for tenocyte proliferation tain alignment [51, 67, 68] . This loss of cell interaction with aligned 449 fibers that occurs at the surface, leading to loss of overall cell align-450 ment, does not occur in the three-dimensional fiber environment scaffold, similar to that reported previously (Fig. 5(A) 
